Healthcare staff face significant challenges while caring for hospitalized patients experiencing sudden inability to verbalize their needs (sudden speechlessness). Familiar methods of communication such as non-verbal strategies are limited and often fail to assist suddenly speechless patients (SS) communicate their needs. Consequently, strategies tailored to the needs of hospitalized speechless patients are necessary, and must consider factors intrinsic to the patients and the complexities of the acute care environment. The feasibility and usability of a multifunctional prototype communication system (speech-generating device) tailored to the needs of hospitalized SS patients was evaluated in this pilot study. Adult SS patients admitted to the intensive ewe setting (n = 11) demonstrated independent use of a multi-functional communication system that integrated messages and strategies tailored to the needs of the hospitalized SS patient. Participants reported high satisfaction levels and considered the use of the technology of high importance during an SS event. Additional research should focus on evaluating the impact of technology specific communication interventions on enhancing the communication process between SS patients and healthcare staff.
Introduction
Healthcare staff often face the challenge of caring for patients experiencing sudden inability to verbalize their needs (sudden speechlessness). Suddenly speechless (SS) patients, who are often recovering from surgery/trauma to organs that are critical to speech, or patients who are undergoing respiratory intubation, are challenged by communication constraints that leave them unable to communicate with familiar methods, and/or the absence of a new mechanism with which they can communicate their needs. Current non-verbal strategies that facilitate SS patients' communication abilities are time-consuming and inadequate as they fail to improve communication between SS patients and nursing staff. Strategies that address the communication needs of SS patients must consider factors intrinsic to the patients as well as the viability of implementing the strategy in a complex health care environment. The primary purpose of this pilot study was to test the feasibility and usability of a multifunctional prototype communication system that is tailored to the needs of hospitalized SS patients. The following research questions guided the study:
1.
Can suddenly speechless patients who are admitted to the critical care setting independently activate strategies that are integrated in the communication system on command (i.e. direct selection pictorial hot-buttons, handwriting, typing), to communicate safety, care and comfort needs?
2.
What are the difficulties encountered by hospitalized SS patients using the communication system?
3.
How do study participants rate the level of importance and satisfaction with the use of the communication system?
Background
In the hospital setting, SS patients are often found in intensive care units, intermediate care units or medical surgical units after undergoing respiratory intubation, placement of a tracheotomy, or while recovering from head and neck surgery or trauma. Despite where SS patients are admitted -traditional medicine units or critical care units -or the rationale for developing speechlessness, the absence of reliable methods to communicate is associated with negative emotional patient outcomes such as anger [1] , fear [2] , and frustration [3] [4] [5] . The challenge of assisting SS patients' communication in an environment with limited and often ineffective resources is shared by healthcare professionals working directly with SS patients (e.g., doctors, nurses, speech-language pathologists).
Speech-Language Pathologists (SLPs) presently aim to identify methods that enhance the SS patient's ability to communicate wants and needs with healthcare professionals and caregivers. However, currently there are few sophisticated tools available to SLPs for the management of transiently speechless patients who, although they have sufficient cognitive resources to support communication, cannot verbally communicate due to a deficit in structure or function of speech mechanisms. In the case of intubation, tracheotomy, or recent laryngectomy, an electro larynx can be given to patients to facilitate communication, but because functional use of an electro larynx is limited to persons without oral intubation, swelling/pain in the neck region, or reduced range of motion of articulators, few transiently speechless patients meet these criteria. Additionally, patients with minimal range of motion or strength of upper extremities may require a caretaker to place the electro larynx to their neck, and this limits the patient's ability to independently communicate.
In order to facilitate communication with patients, basic communication pictures and alphabet boards are commonly used by SLPs and other healthcare professionals. Picture boards are usually comprised of randomly selected pictures that are thought or assumed to be applicable to speechless patients in the medical setting. However, alphabet boards are tedious to use and because they limit the ability to produce novel utterances or expeditiously express emergent needs, often result in inefficient communication and poor patient compliance. Furthermore, the use of picture boards have not been validated and often include pictures that are not useful to patients and their communication needs. While these boards may help patients express their most basic needs, they often do not allow patients to express wants that are essential to maintaining quality of life.
Working with SS patients is challenging for nurses because the transmission of messages with nonverbal expressions can be difficult to interpret, and communication strategies for SS patients may vary within a setting, forcing nurses to seek reliable alternatives in the midst of a demanding healthcare situation. While SS patients commonly write their needs on a pad, or attempt to create words (one letter at a time) using an alphabet board, in the immediate aftermath of a critical health event (e.g., cardiac or head and neck surgery, need for respiratory intubation), or when fatigue prevails, these methods are often inadequate and time consuming. Patients' limitations coupled with undependable approaches substantiate the need to identify effective strategies that can enhance communication between nurses and SS patients.
Communication intervention for SS patients
The development of reliable approaches is essential to facilitate self-expression in SS patients, and to decrease frustration and dissatisfaction associated with care received [4] [5] [6] [7] [8] [9] . Speech generating devices (SGDs), which have been consistently used by individuals with permanent speech impairments (e.g., neuromuscular diseases, brain injuries) in the home or school setting, have also proven to be an acceptable communication approach in a limited number of pilot studies with hospitalized SS patients [6, [10] [11] [12] , However, because SGDs have the potential to solve communication problems that are experienced by hospitalized SS patients, considering requirements intrinsic to the SS population as well as practicalities associated with the acute care environment is necessary before these communication devices can successfully be incorporated into a hospital setting.
Intrinsic requirements
Because SS often develops without warning, there is no opportunity for the implementation of systematic teaching strategies prior to its occurrence. Most patients that require an unexpected airway intubation or emergency surgery that results in SS become acquainted of their inability to verbalize their needs ex post facto. For a limited number of patients (e.g., patients scheduled for cardiac or head and neck surgery), awareness of the potential to lose their voice may occur during the pre-operative period while information about potential procedures, complications, and informed consent is explained. As a result, the following characteristics were considered during the developmental and refinement stages of the SGD prototype that was evaluated in this pilot study: [12] . This SGD consisted of software that facilitated the use of multifunctional strategies to communicate (e.g., direct selection of pre-recorded messages associated with symbols, writing and typing), hardware components including a tablet computer, and an urgent button. The urgent button, which consisted of a self-contained device that announced "I need help", was provided to each participant so that they could summon help in the event of an emergency, such as prototype system failing.
Acute care environment
Prior to initiating this study, consultation was coordinated with the Infection Control, Safety and Clinical Engineering Departments and the following requirements were implemented: the SGD and tablet computer were disinfected after use by each participant, screen protectors were used and discarded after each participant completed the study, and extension cords were not allowed. Additionally, the SGD was mounted in a mobile unit to facilitate access and use in areas with limited space.
Conceptual framework
The Process of Interpretation in Response to Voicelessness Framework [7] was adapted to provide conceptual basis to this study. According to Happ, voicelessness represents communication barriers that limit patients' abilities to convey thoughts, feelings, desires and needs to others, resulting in delays to communicate symptoms or problems, misinterpretation of non-verbal communication, and feelings of fear and anxiety. According to Happ, integrating communication interventions at a time when critical information must be shared between clinicians and patients may result in improvement of ease, quality, frequency, and success of the communication process.
This pilot study evaluated the feasibility of integrating a communication intervention for hospitalized SS patients. Integrating a communication intervention that is tailored to the needs of SS patients was considered critical in order to decrease difficulties associated with an inability to verbalize needs and to enhance the communication process during the hospital stay.
Methods
The use of a programmable SGD, which uses software incorporated in a tablet computer, as a communication intervention for hospitalized patients was evaluated over participants' hospital stay (maximum of 10 days). Approval from the researchers' Institutional Review Board was obtained before the study was implemented in three adult critical care units (surgical, medical, and cardiac) as well as a medical surgical unit where study participants were transferred (until completion of study) at a tertiary care institution in the southeast region of the United States.
Sample
The study inclusion criteria were: 1) ≥ 21 years of age; 2) currently experiencing SS (H & N surgical in-patients 2-10 days post-surgery) or hospitalized intubated patients who were being weaned from the ventilator; 3) no delirium as measured by the Confusion Assessment Method Shortened Version scale; 4) score < ± 2 in the Richmond-Agitation-Sedation scale; and 5) able to read/speak English. Participants unable to use at least one arm or with longterm speechlessness resulting in the use of an adaptive speech generating device (SGD) were excluded.
Recruitment and consent
H & N surgical patients were identified during their pre-operative clinic appointment and given the option to immediately sign the consent form or sign it upon hospital admission. Patients who were undergoing respiratory intubation were identified during their hospital stay after the ventilator weaning process had been initiated. All subjects volunteered to participate in the study and signed a consent form.
Data collection
Data collection was conducted on the admitting units as well as on medical-surgical units where participants were transferred when critical care management was no longer needed.
The following data were collected during the study: demographics, presence of delirium and agitation/sedation, usability of communication intervention, and satisfaction/importance of using communication intervention. The study measures and timeline for implementation of study are outlined in Table 1 .
Procedure
After research staff determined that participants were not experiencing delirium and had a RASS score < ± 2, each participant received an SGD and an orientation on how to use the device. The Usability of Communication Intervention Form was completed by research staff every day of the study until the patient was discharged. Participants were given refresher information as needed regarding the use of the SGD and urgent button. Prior to discharge, participants completed the Patient Satisfaction and Usability Instrument. Assistance was provided by the research staff (writing participants' feedback and rating of each item) as requested. To evaluate the functionality of the SGD and urgent button, research staff tested the technology on every data collection day. The unit clerk's understanding of a message generated by the SGD via the hospital call system was assessed daily for participants who were transferred to a medical surgical unit.
Data analysis
Descriptive statistics were used to summarize the sample demographics, clinical variables, and scores for all satisfaction and importance items. The Kappa statistic was used to test for reliability of The Patient Satisfaction and Usability Instrument.
Results

Participant characteristics
A total of twenty four subjects consented to participate in the study. Three subjects (12.5%) completed only one day of the study due to declining health. Seven consented subjects did not participate in the study due to the following: discharge to Rehabilitation Hospital (n = 1; 14.3%); declining health status (n = 1; 14.3%); effective use of Passy Muir speaking valve (n = 1; 14.3%); presence of delirium (n = 1; 14.3%); surgery cancellation (n = 1; 14.3%); and no interest in participation (n = 2; 28.6%). The final sample consisted of 11 participants with an age range of 40-72 years (= 13.27 ± 2.90). Participants were mostly male (81.8%), White (90.9%), with more than 8 years of education (91%), who became SS as a result of airway intubation (100%). Approximately 73% of the participants had head and neck cancer and were recovering from a surgical intervention that resulted in SS {laryngectomy(n = 5); floor of mouth (n = 1); base of tongue (n = 1); skin cancer with extensive involvement and oral-facial defect (n = 1)}. The average number of days in the study was 6 days (range 1-10; SD = 2.75). Table 2 describes the characteristics of the participants.
The CAM and the RAS were used as pre-screening tools prior to consenting potential participants and/or daily data collection. Initial RAS and CAM evaluations that were conducted prior to providing SGDs to participants demonstrated that 91% of participants did not experience behaviors that were consistent with delirium, restlessness or sedation. Because one participant (9%) demonstrated light sedation (RAS= −2) and acute changes in mental status upon initial evaluation, a demonstration about how to use the SGD was not provided until symptoms resolved, usually over a period of 24 hours. Another participant demonstrated acute changes in mental status while the study was in progress (day 6), but appropriately recovered and was able to complete the study.
SS patients' ability to activate strategies integrated in the communication system on command
6.2.1. Hot-buttons-Participants demonstrated the ability to independently use the SGD from day 1 until completion of the study. At a minimum, seventy-three percent of participants (range, 72.7%-100%) were able to independently activate five hot-buttons on command on day 1 (Fig. 1) , after a 10 minute review about how to use the SGD. Consistent independent performance was observed throughout the study (Table 3) . One participant was unable to physically push one out of five hot-buttons at two different points of data collection, requiring significant assistant from research staff. Additionally, for a small number of participants (n = 3), the evaluation of their ability to activate messages on command was not possible for a range of 1-2 data collection points due to the following reasons: the unit was off for the procedure and/or transfer (n = 1) and the participant experienced drowsiness (n = 1) or fatigue (n = 1).
6.2.2.
Writing and typing functions-From a total of 52 data collection points, the handwriting screen was accessed independently 92.3% of the times (n = 48). The typing screen was accessed independently 94.4% of the times (n = 34 of 36 data collection points). Minimal assistance was needed to activate the typing function during day 2 by one participant. Minimal assistance to activate the handwriting function was required by two participants on day 1 and one participant on day 5.
6.2.3.
Use of the urgent button-From a total of 63 data collection points, the Urgent Button (UB) was independently activated 83% of the times by study participants. The most common difficulty experienced by participants (n = 3) related to temporary inability to locate the UB for activation. On Day 1 of the study two participants (18%) required minimal assistance (less than two prompts) to activate the UB and one participant required considerable assistance (more than 2 prompts) to locate the UB for activation. One participant (9.0%) activated the Emergency hot-button instead of the UB. A review about where the UB was located and procedure to activate the UB was provided every time participants required minimal or considerable assistance to activate the device. One participant required assistance locating the UB for 3 consecutive days with independent activation reported for the rest of time the participant was in the study. Another participant required considerable assistance locating the UB throughout the study, on days 2, 3, 5 and 9.
Difficulties encountered by participants when use of SGD was
requested-Several participants encountered the following difficulties when use of the SGD was requested: they were unable to physically push requested icon (n = 2; 18%); their eyeglasses were not available, limiting visual acuity (n = 2); the level of sedation impaired the correct use of device (n = 1; 9%); and their writing was illegible (n = 2; 18%). Two participants were unable to identify messages independently upon request and two participants experienced difficulty using a stylus to activate the correct hot-buttons. Difficulty activating the hot-buttons was associated with having a pulse oximeter on the dominant hand (n = 1; 9%), and/or wrist restraints (n = 1; 9%), and resulted in the activation of the hot-button next to the one that was requested by research staff.
Re-teaching of device use was necessary for three participants (27%). The need for a review was associated with difficulty to activate three hot buttons on command (n = 1; 33%), difficulty to locate the urgent button (n = 2; 66%), or the need to reinforce information as a result of acute mental status changes (n = 1; 33%).
Effectiveness of communication system outside of the critical care setting
Clerk's understanding of message via unit call button
Participants transferred to medical surgical units where the hospital call system was in use (n = 10) activated the system at forty different data collection points, and upon response from the clerk, proceeded to activate a message from the device. Ninety five percent (n = 38) of the messages generated by participants via the hospital call system were understood by the clerks.
Accessibility of the communication system
During the study, the SGD was accessible in the participants' rooms approximately ninetysix percent of the times (n = 66) data were collected. The SGD was accessible to the participants within arm's reach 52% of the times (n = 34). For approximately 44% of the times (n = 29), the device was in the room but beyond the participants' reach. The rationale for not having the SGD within arm's reach of participants included the following: the device was moved by the nurse, physical therapy or relative and not returned within the participant's reach (n = 12); unknown rationale (n = 11); the device was moved by the study participant (e.g. ambulatory participant) and relocated as needed (n = 4); the participant requested the device be moved (n = 2). During the study, the device was not found in the room of two participants who were transferred from the intensive care unit to a medical surgical floor (3%) at one data collection point (e.g., day of transfer). Additionally, one participant's device was stored at the nurses' station after patient extubation and recovery of speech within 24 hours of initiation of the study (1.5%).
Usability of communication system
Usability of the SGD was evaluated by determining if the device was functional at 66 data collection points. The device was on and functional at capacity 68% of the times (n = 45). The SGD was found non-functional (powered off) for the following reasons: it was found unplugged and powered off for unknown reasons (n = 10; 15.1%); the device was not set-up after it was transferred to another unit or room (or procedure n = 3; 4.54%); participants accidentally pulled the device from the dock, resulting in automatic shut-off (n = 1; 1.51%); and the device was moved in the room and then left unplugged (n = 2; 3%). Additionally, the SGD's did not produce speech (n = 2; 3%), hot-buttons froze (n = 2; 3%), and/or both speech and hot-buttons were non-functional (n = 1; 1.5%) due to unknown causes. A re-boot of the communication system made devices operational within the same data collection visit each time usability issues were identified.
Level of importance and satisfaction with the use of the communication system
Importance and satisfaction
Participants rated their importance and satisfaction level by using The Patient Satisfaction and Usability Instrument (1 = strongly agree, 2 = agree, 3 = neither agree or disagree, 4 = disagree, 5 = strongly disagree). Six items measured satisfaction based on use of device functions, ease of device use, and ability to report symptoms and/or improve communication with nursing staff. The mean score for all satisfaction items was 1.5 (n = 11; SD = 0.29; range = 1.16-2.0), indicating that participants were satisfied with use of the SGD during their hospital stay. One participant strongly disagreed that the prototype device was easy to use, based on the size ("too big, in the way".
Four items measured importance specific to availability of the SGD for use by SS patients and importance of device functions. The mean score for all importance items was 1.61 (n = 11; SD = 0.55; range 1-3.00), indicating that participants considered the use of the SGD and its functions of importance while experiencing SS. One participant strongly disagreed that having picture hot-buttons was an important function, indicating his/her preference to "write fast", providing a better rating to writing as a function included on the device.
Single item reliability was determined for importance in having the SGD available for use, and ease of use of the SGD. Results associated with importance of having the SGD indicated a Kappa = 0.421, 95% CI (−0.243,1.00), and a Kappa = 0.388,95% CI (−0.011,0.789) for ease of use of the SGD. The inclusion of a small sample size limits ability to generate a precise reliability coefficient and significance of findings.
Discussion
The primary purpose of this pilot study was to test the feasibility and usability of a multifunctional communication system with hospitalized SS patients. In this pilot study, adult SS patients who were admitted to an intensive care unit demonstrated independent use of a communication system that integrated messages and strategies tailored to the needs of the hospitalized SS patient. This communication system facilitated the communication of safety, care and comfort needs experienced by SS patients as recovery evolved, and until discharge from the institution. Adaptations for use of the nurse call system, a component of the standard of care in the acute care setting, were successful in facilitating participants' communication of needs as they were transferred to a medical surgical unit. Participants were strongly satisfied with the use of the communication system and considered the strategies that were included in the communication system important while they were hospitalized and experiencing SS.
Study participants were cognitively functional over the majority of the time they were enrolled in the study, and they represented various educational levels (8 th grade to professional degrees) as well as adult age groups. Consistent with literature findings, barriers such as the need to adapt to a challenging acute care environment and limited familiarity with the communication system did not limit participants' ability to use the device [6, [10] [11] [12] . In fact, over 70% percent of the participants (n = 8) did not require reteaching of device use during their hospital stay. This area should be explored further as including participants with an educational level beyond the eighth grade limits the ability to generalize findings to individuals with less education and/or lower literacy levels.
Difficulties that were encountered by study participants were consistent with those documented in the literature, including neurocognitive factors such as the presence of delirium, and issues with coordination of the upper extremities [18] . Study findings suggest that the protocol established to assess for the presence of cognitive status prior to consenting participants, as well as daily pre-screening prior to data collection, was effective in identifying participants with acute cognitive changes. Likewise, daily evaluation of participants' use of the device and technology functions helped to identify participants who exhibited occasional difficulty with the device or accessories (i.e. stylus). Consistent reassessments of study participants' skills and device functionality must be considered when conducting studies that explore the use of technology-based communication interventions for SS patients. Future studies need to examine alternate methods that provide SS patients with consistent accessibility to communication devices.
During studies that involve exploring the use of SGDs in the acute care setting, the frequent removal of the SGD after daily care or placement of the SGD at a difficult-to-reach location represented a challenge [10, 12] . When the SGD was mounted on a mobile unit, participants could find it more easily, but maintaining the device at a reachable distance and functional setting (plugged in/charged) was still difficult. Strategies to provide consistent accessibility of communication devices to the SS patients must be considered, in particular, attaching the device to an area closer to the patient rather than to a mobile unit. Thus, in the future, expanding patient and health care educational sessions to relatives will help increase understanding regarding the importance of keeping the device within reach for SS patients.
Most participants required minimal instruction to activate the urgent button (UB), which is an independently functioning call button that announced the need for assistance to nursing staff, who could reset it once they attended to the patient. Anecdotal findings shared by participants validated the role of the communication system (including the urgent button) to summon help during emergency situations via the nurse call system. However, further testing of the UB and the SGD will assist in determining the potential benefit and usefulness of each device in helping hospitalized SS patients communicate their needs.
The inclusion of a larger sample of SS patients will also assist in overcoming study limitations such as the selection of a convenience sample and generalization of findings. Future research efforts should incorporate a comparison between a control and intervention group to evaluate if integrating the communication intervention enhances the SS patient's ability to communicate with healthcare staff. Testing the intervention beyond the realms of the critical care setting will facilitate the evaluation of the intervention with other SS populations.
Application
Successful use of the communication system by acutely ill participants supports the adaptation of strategies to enhance the communication process for SS patients despite the complexity associated with an admission to the critical care setting and limited time to learn the system. Continuing the development and refinement of the communication intervention is consistent with the goal of improving the standard of care for SS patients. The provision of adequate and reliable communication strategies at the bedside is instrumental to enhance the communication process between SS patients and nurses as well as other healthcare staff. Moreover, further development of this technology also has the potential to benefit other groups of patients with the potential to experience SS, including individuals experiencing SS who are not proficient in English.
The active involvement of nurses in the development of interventions for SS patients is a priority because, as the bedside providers of care, they have a unique perspective that is essential to accomplishing the following: improving the quality of care for SS patients by tailoring strategies to their specific needs as well as informing changes that will profoundly impact clinical practice. Activation of Hot-buttons, Days 1, 5, and 10. Upon initiation of study.
• Presence of delirium, agitation/sedation
The Confusion Assessment Method (CAM) and the Richmond Assessment Scale (RAS) have established reliability to assess for the presence of delirium and/or agitation/sedation [14, 15] .
Pre-screening prior to consent process and daily completion of measures.
• Ability to use SGD on command
•
Difficulties encountered
The Usability of Communication Intervention Form: used to evaluate participants' ability to use the SGD system, difficulties encountered, technology functionality, and clerk's understanding of message via unit call button. Participants' ability to use device on command is evaluated with the following coding: 1 = independent; 2 = minimal assistance (2 prompts or less); 3 = needs considerable assistance (> 2 prompts); 4 = unable to perform). Successfully used by SS patients during previous pilot study [12] .
Daily for 10 days or less based on participants' discharge.
• Level of importance and satisfaction with the use of the SGD
The Patient Satisfaction and Usability Instrument measured the satisfaction (5 items) and importance level (4 items) associated with the use of the SGD. Item scores range from 1 to 5 with 1 indicating greater satisfaction with the item. Successfully used by SS patients on previous pilot study [12] . Adapted from Demers [16, 17] .
Twice before discharge (to collect reliability data) or day 10.
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